Objective: To determine fasting glycemia and insulinemia levels and the HOMA index in a group of children and adolescents with normal body mass index (BMI).
Introduction
Prevalence rates of childhood obesity have reached alarming levels all over the world. 1 In parallel, scientific evidence is mounting up that suggests that the metabolic disorders that habitually accompany excess body fat are already manifest during childhood. [2] [3] [4] [5] The metabolic syndrome is defined as a group of disorders that includes obesity, insulin resistance, dyslipidemia, arterial hypertension and other metabolic anomalies associated with cardiovascular disease, 6, 7 and it is possible that this syndrome is already affecting children even before they start school. 4, 5 Currently, the greatest difficulty facing both scientific studies and clinicians is the identification of adequate cutoff points for assessing indicators such lipemia, arterial blood pressure, waist circumference, peripheral insulin resistance (PIR), glycemia and insulinemia. 5 The clamp test in particular, considered the gold standard for evaluating PIR, is difficult to carry out with pediatric patients because it demands that patients remain at a clinical research unit for several hours. For this reason, other indicators have been developed, and of these it is the homoeostasis The model is an attempt to demonstrate the relationship between pancreatic insulin production capacity and the ability to maintain adequate glycemic levels. Within the pediatric age group, however, HOMA provides less information because, during this phase, hyperglycemia rarely occurs.
This being so, it appears that nowadays there is consensus that fasting insulinemia is a reliable parameter and adequate for assessing PIR in children; however, the ideal cutoff points
are not yet known. [9] [10] [11] There are two relevant questions that have made it difficult to define ideal insulinemia values: the first is related to the need to establish an adequate correlation between cutoff points and associated risk, which will only be achieved by means of long-term studies. 12 The second question is related to the knowledge, still being consolidated, that fasting insulinemia values vary significantly during childhood and adolescence, even under normal conditions. 13 Therefore, fasting insulinemia itself and HOMA models, which depend on this value, become problematic as a result of this variation.
This study aimed to assess, within a group of children and adolescents with normal body mass index (BMI), values for glycemia, fasting insulinemia and HOMA index.
Methods
The study was carried out at two public schools in the district of Bonfim Paulista, which is located around 6 km from the city of Ribeirão Preto (Southeast Brazil) and which is administratively subordinate to it. The design was cross-sectional, in that the following data were all collected at a single point in time, from 447 children and adolescents with normal BMI and aged 7 to 17.9 years: anthropometric measurements, personal data and a venous blood sample. In order to avoid that data from adolescents who were either maturing early or late could introduce errors, children were only included if their Tanner puberty stage was normal for their age .14 Puberty stage was assessed using a selection of diagrams representing different stages of maturity from which each subject was requested to choose that which best represented their own stage of development. In order to avoid embarrassment and to guarantee consistency of the data, all of these assessments were carried out by a professional of the same sex as the interviewee, as part of the anthropometry procedure. Specifically, a male pediatrician interviewed the boys and a female general nurse interviewed the girls.
These two professionals had already been working at these schools for a long time, providing both education and care, which allowed for a relationship of mutual confidence between interviewers and interviewees. In any case in which answers appeared doubtful, a reevaluation was performed, by one of the two professionals mentioned, in the form of a physical examination.
Initially, all 1200 students enrolled at these schools were considered for inclusion on the study, before the following exclusion criteria were applied: body mass index below the fifth or above the 85th percentiles (n = 187); refusal to par- For analysis, subjects were grouped into subsets by sex and age group and two sets of comparisons were performed:
the Mann-Whitney test was applied to each of the variables Glycemia, insulinemia and HOMA in children -de Almeida CA et al.
fasting glycemia, fasting insulinemia and HOMA index to compare the boys with the girls in each age group and then the Kruskal Wallis test for simultaneous comparisons between more than two groups was used to compare the results from each age group, for boys and girls.
Results
The results obtained are presented in Tables 1 to 3. The fasting glycemia levels shown in Table 1 only differed between boys and girls in the age bands 7 to 8.9 years (p < 0.001) and 13 to 14.9 years (p < 0.05); in both cases levels were lower among the girls. In terms of progression according to age, the boys' glycemia levels exhibited no statistically significant variation; among the girls there was variation, due, in particular, to the youngest age group, since, between 9 and 10.9 years, levels were practically uniform.
Fasting insulinemia levels, given in Table 2 , revealed differences between boys and girls at two ages: between 11 and 12.9 years (p < 0.01) and between 15 and 17.9 years (p < 0.01). Both sexes exhibited significant variation with age (p < 0.001), with peak levels observed in the 13 to 14.9 years subset.
The HOMA indices, given in Table 3 , differed between sexes for the age groups 11 to 12.9 years (p < 0.01) and 15 to 17.9 years (p < 0.01). For both boys and girls, HOMA indices exhibited significant variation with age (p < 0.001), peaking between 13 and 14.9 years.
Discussion
There is no doubt that the most correct manner of establishing cutoff points for biological variables is to identify values which imply an associated risk. However, study designs capable of meeting this criterion demand long-term observation and, often, it proves necessary to rely on cross-sectional studies, even if only provisionally, in order to observe the statistical variation of those variables. A study published recently by García Cuartero et al. did just that. 17 They proposed a distribution of insulin and HOMA values based on a survey of 372 individuals aged between one month and 18 years, observing, in common with this study, a significant variation in these indicators in relation to age and sex.
This study was carried out using a sample made up exclusively of individuals with normal BMI and average maturity for their age and has demonstrated that mean fasting glycemia levels, almost always considered constant in this age group, 18 varied at two of the five ages assessed; and that, for the girls, levels were considered dissimilar when the different age groups were compared simultaneously. If one considers the data from this study, summing the mean value to two standard deviations, it will be observed that the maximum value or pertaining would be 111.2 mg/dL for boys and 106.7 mg/dL for girls, both in the 13 to 14.9 years age group, with lower values in all other groups. It is possible that using the 100 mg/dL cutoff point that is currently recommended 19 for all individuals in this group could lead to errors in the identification of those who are truly hyperglycemic.
Internationally accepted cutoff levels for fasting insulinemia have not yet been defined. Since the studies published by Reaven et al., 20 the figure of 15 μUI/mL has been being used, even though no studies have been undertaken in the pediatric age group designed to validate this cutoff point.
Other cutoff points, such as 12, 27 and 30, have also been suggested. 21 Our study has demonstrated that fasting insulinemia varies very significantly within the age range studied, to the extent that one could postulate the existence of a curve on which values increase up to around 13 to 15 years, falling off after that. The shape is similar for both males and females, differing only in terms of absolute values, which are higher among the girls, in at least two of the age groups studied. Many studies have observed that during puberty events take place that could be described as, "physiological insulin resistance". 4, 13, 22 This being so, it is imperative that cutoff points be defined that respect the biological variation of the indicator. Indeed, if the data obtained in this study are considered, summing the mean level with two standard deviations, it will be observed that the maximum value would be 13.7 μUI/mL for boys and 14.8 μUI/mL for girls, both within the 13 to 14.9 years age group, while other age groups exhibited much lower levels. Therefore, it is highly probable that using 15 μUI/mL as a cutoff point for fasting insulinemia leads to under diagnosis of hyperinsulinism at ages prior to 13 years and at ages over 15 years.
Since HOMA indices are calculated based on glycemia and insulinemia levels, and since glycemia was unchanged in the two age groups, 11 to 12.9 years and 15 to 17.9 years, at which HOMA indices were different between sexes, it can be assumed that the variation observed in HOMA indices is due to their different insulinemia levels. years and girls aged 9 to 10.9 years. Glycemia, insulinemia and HOMA in children -de Almeida CA et al.
This study aimed to assess how glycemia, insulinemia and the HOMA index behave during school age childhood and adolescence and the data thus obtained has demonstrated that it is necessary to take care when using fixed cutoff points for these indicators without taking into account sex or age. Our conclusions indicate the need to define reference curves for these three indicators.
